A novel Gram-staining-negative, rod-shaped bacterium, designated DCY78 T , was isolated from soil of a ginseng field in Yeon-cheon province (386 049 000 N 1266 579 000 E), Republic of Korea. The phylogenetic analysis based on 16S rRNA gene sequences showed that strain DCY78 T belonged to the genus Epilithonimonas and was most closely related to Epilithonimonas lactis DSM 19921 T (98.5 % sequence similarity) and Epilithonimonas tenax DSM 16811 T (97.8 %). Growth occurred at 10-30 6C with an optimum temperature of 28 6C. The pH range for growth was pH 5.5-8.0. The major polar lipids were found to be phosphatidylethanolamine three unidentified amino lipids and one unidentified polar lipid. The only predominant quinone was MK-6. The major polyamines were sym-homospermidine and spermidine. The major fatty acids were summed feature 3 (comprising C 16 : 1 v6c and/or C 16 : 1 v7c), iso-C 15 : 0 and iso-C 17 : 0 3-OH. The DNA G+C content was 37.9 mol%. On the basis of the phenotypic and genotypic analysis, the isolate is classified as representative of a novel species in the genus Epilithonimonas, for which the name Epilithonimonas ginsengisoli is proposed. The type strain is DCY78 T (5KCTC 32174 T 5JCM 19896 T ).
, was isolated from soil of a ginseng field in Yeon-cheon province (386 049 000 N 1266 579 000 E), Republic of Korea. The phylogenetic analysis based on 16S rRNA gene sequences showed that strain DCY78
T belonged to the genus Epilithonimonas and was most closely related to Epilithonimonas lactis DSM 19921 T (98.5 % sequence similarity) and Epilithonimonas tenax DSM 16811 T (97.8 %) . Growth occurred at 10-30 6C with an optimum temperature of 28 6C. The pH range for growth was pH 5.5-8.0. The major polar lipids were found to be phosphatidylethanolamine three unidentified amino lipids and one unidentified polar lipid. The only predominant quinone was MK-6. The major polyamines were sym-homospermidine and spermidine. The major fatty acids were summed feature 3 (comprising C 16 : 1 v6c and/or C 16 : 1 v7c), iso-C 15 : 0 and iso-C 17 : 0 3-OH. The DNA G+C content was 37.9 mol%. On the basis of the phenotypic and genotypic analysis, the isolate is classified as representative of a novel species in the genus Epilithonimonas, for which the name Epilithonimonas ginsengisoli is proposed. The type strain is DCY78 T (5KCTC 32174
The genus Epilithonimonas was described by O'Sullivan et al. (2006) . A strain representing this genus was first isolated from river epilithon (River Taff, Cardiff, UK). Based on the physicochemical properties, the strain belonged to the family Flavobacteriaceae and phylum Bacteroidetes. A second species of the genus Epilithonimonas was isolated from raw cow's milk. Flavobacteria are widespread in nature and have been isolated from many freshwater and soil habitats, including the Antarctic (McCammon & Bowman, 2000) . Members of the genus Epilithonimonas are related to nonmarine members of the family Flavobacteriaceae, including those of the genera Chryseobacterium, Riemerella, Sejongia and Elizabethkingia. Members of the genus Epilithonimonas and these genera are more adapted to freshwater, plant and animal ecosystems, unlike most other members of the family Flavobacteriaceae, which prefer marine ecosystems. Functionally, members of genus Epilithonimonas are chemoorganotrophs and most likely play a role in natural carbon cycles in low salinity ecosystems such as soil and water (Kirchman, 2002) . Here, we report on one yellow-pigmented bacterial strain, designated DCY78 T , which was isolated from a ginseng cultivation field and was subjected to a taxonomic study according to the minimal standards for describing new taxa of the family Flavobacteriaceae (Bernardet et al., 2002) . On the basis of evidence from a polyphasic study, strain DCY78
T represents a novel species in the genus Epilithonimonas and in the family Flavobacteriaceae, for which the name Epilithonimonas ginsengisoli is proposed.
The rhizospheric region of ginseng roots is enhanced with beneficiary micro-organisms (Hong et al., 2012; Li et al., 2012) . Pseudomonas fluorescens RAF15 was isolated from ginseng rhizophere soils and showed plant-growth-promoting and antifungal activities against phytopathogenic fungi (Park et al., 2009) . Plant-benefitting attributes are exhibited by various bacteria in the rhizosphere. We are currently investigating ginseng root rhizosphere bacteria to determine these beneficial processes.
A soil sample was collected from a ginseng field in Yeoncheon province, Republic of Korea. The soil was serially diluted onto R2A agar plates (Difco) and incubated at 30 u C for 5 days. Purified isolates were routinely subcultured on R2A agar (Difco); the strain was identified by 16S rRNA sequencing, and subsequently preserved in R2A broth containing 30 % (v/v) glycerol at 280 u C.
Cell shape, morphology and flagella were observed with a Nikon light microscope (61000 magnification) and transmission electron microscopy (LEO912AB; Carl Zeiss) at 100 kV under standard operating conditions (Fig. S1 , available in the online Supplementary Material). The Gram type of the cell was analysed by using a bioMérieux Gramstaining kit according to the manufacturer's instructions. Catalase activity was analysed by the measurement of bubble production after the application of 3 % (v/v) hydrogen peroxide solution (Cappuccino & Sherman, 2002) . Growth at various temperatures (4, 10, 15, 26, 28, 30 and 37 u C) was assessed on R2A (Difco) agar. The pH range for growth was examined at pH 5.0 -10.0 (in 0.5 pH unit intervals) in R2A broth adjusted with 10 mM phosphate/citrate buffer (pH 5.0), MES buffer (pH 5.5-6.5), HEPES buffer (pH 7.0-8.0), Tris buffer (pH 8.529.0) or NaHCO 3 / Na 2 CO 3 (pH 9.5-10.0) at 28 u C for 3 days. Growth was evaluated on nutrient agar (NA), Luria-Bertani agar (LB), trypticase soy agar (TSA) and MacConkey agar at 28 u C. The API 20NE, API ID32 GN and API ZYM microtest systems were employed according to the recommendations of the manufacturer (bioMérieux). DNase activity, and hydrolysis of casein, gelatin, aesculin and tyrosine were also checked by the standard described methods by Prescott & Harley (2001) . The production of indole from tryptophan could be observed as a red organic phase in tryptophan medium (w/v: 1 % tryptone, 0.5 % NaCl, 0.1 % tryptophan) after adding Kovács' reagent (Fluka). Plant-growth-promoting activity was assessed with strain DCY78 T , Epilithonimonas tenax DSM 16811 T and Epilithonimonas lactis DSM 19921 T . The production of indole-3-acetic acid (IAA) was measured after 3 days of incubation (Glickmann & Dessaux, 1995) . A qualitative test of the phosphate-solubilizing ability of strain DCY78
T was performed by plate screening methods as described by Pikovskaya (1948) . Strain DCY78 T was also analysed for its siderophore production capacity in Petri dishes containing King B medium (Glickmann & Dessaux, 1995) supplemented with a chrome azurol S complex [CAS/iron(III)/hexadeciltrimethyl ammonium bromide], as described by Schwyn & Neilands (1987) . Antibiotic susceptibilities were checked according to the Kirby-Bauer method (Bauer et al., 1966) . The following antibiotics were tested: tetracycline (30 mg), neomycin (30 mg), erythromycin (15 mg), oleandomycin (5 mg), ceftazidime (30 mg), rifampicin (5 mg), novobiocin (34 mg), carbenicillin (100 mg), penicillin (10 mg) and cefazolin (30 mg). Inhibition zones were interpreted according to the manufacturer's manual (Oxoid).
Strain DCY78
T was found to be obligately aerobic and Gram-staining-negative. Cells were non-motile, non-sporeforming and able to form flexirubin-type pigments. When grown on R2A agar, the colonies were yellow, smooth and convex with diameters from 0.5 to 1.5 mm. Growth of the newly isolated strain occurred at 10-30 u C with an optimum temperature for growth of 28 uC. The pH range for growth was pH 5. T were able to produce siderophores as confirmed by the development of a yellow halo zone surrounding colonies in blue-green medium. The production of siderophores by micro-organisms is beneficial to plants, because they can inhibit the growth of plant pathogens (Sharma & Johri, 2003) . Strain DCY78 T was resistant to penicillin (10 mg), erythromycin (15 mg), cefazolin (30 mg), oleandomycin (5 mg) and carbenicillin (100 mg); intermediately resistant to neomycin (30 mg) and tetracycline (30 mg); and susceptible to ceftazidime (30 mg), rifampicin (5 mg) and novobiocin (30 mg). The results of other physiological and biochemical analysis are summarized in the species description and a comparison of selective characteristics with closely related type strains is shown in Table 1 .
The 16S rRNA gene of strain DCY78
T was amplified with universal bacterial primers 27F, 518F, 800R and 1492R (Lane, 1991; Anzai et al., 2000) . The purified PCR products were sequenced by Genotech (Daejeon, Republic of Korea). In brief, the sequence of the strain was compiled using the BioEdit program and then uploaded to the EzTaxon-e server (Kim et al., 2012) to determine the pairwise similarity with previously deposited 16S rRNA gene sequences. Further, the almost-complete (1439 bp) 16S rRNA gene sequences of strain DCY78
T and closely related strains were aligned completely by using the CLUSTAL X program (Thompson et al., 1997) and the Kimura two-parameter model (Kimura, 1983) . Phylogenetic trees were reconstructed with the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood algorithms by using the MEGA 5 program (Tamura et al., 2011) . Bootstrap analysis based on 1000 replicates was also conducted in order to obtain confidence levels for the branches (Felsenstein, 1985) . The strains sharing the highest 16S rRNA gene sequence similarity with the candidate strain were included in the phylogenetic tree reconstruction.
For the determination of the DNA G+C content, genomic DNA was extracted and purified with the Qiagen Genomictip system 100/G. A 10 ml volume of solution containing 10 mg of DNA was heated in a boiling-water bath for 5 min and then cooled in an ice-water bath. The denatured DNA solution was mixed with 10 ml nuclease P1 solution [20 U nuclease P1 ml 21 in 40 mM acetate buffer (pH 5.4)] and incubated at 37 u C for 1 h. Ten microlitres of glycine buffer (pH 10.0) and 10 ml alkaline phosphatase (40 U ml 21 ) were added to the sample and incubated for 1 h at 37 u C (Mesbah et al., 1989) . Subsequently, the nucleoside mixture obtained was separated using HPLC (model NS-6000A; Futecs) with a reversed-phase column (Triart C18; YMC) (4.66250 mm65 mm) using a mixture of 25 mM (NH 4 )H 2 PO 4 and acetonitrile (20 : 1, v/v) for the mobile phase, a flow rate of 1.2 ml min 21 and a wavelength of 270 nm. The genomic DNA of Escherichia coli strain B (D4889; Sigma-Aldrich) was used as a standard. DNA-DNA hybridization was performed fluorometrically, according to the method of Ezaki et al. (1989) , using photobiotin-labelled DNA probes and microdilution wells. The hybridization was conducted in five replications for each sample. The optimal hybridization temperature was 39.8 u C. The highest and lowest values obtained for each sample were excluded, and the mean of the remaining three values are quoted as DNA-DNA relatedness values.
Phylogenetic analysis, based on 16S rRNA gene sequences, showed that strain DCY78
T belonged to the genus Epilithonimonas. The highest similarity value was observed with Epilithonimonas lactis DSM 19921 T (98.5 %) and Epilithonimonas tenax DSM 16811 T (97.8 %). In the maximum-likelihood tree, strain DCY78
T formed a reliable and monophyletic cluster with Epilithonimonas tenax DSM 16811 T . This cluster was also recovered in the trees generated by the neighbour-joining and maximum-parsimony algorithms (Fig. 1) . The DNA G+C content of strain DCY78
T was 37.9 mol%, which is within the range of 35-38 mol% reported for the genus Epilithonimonas (O'Sullivan et al., 2006) . Levels of DNA-DNA relatedness (mean±SD, n53) between strain DCY78
T and Epilithonimonas lactis DSM 19921
T and between strain DCY78 T and Epilithonimonas tenax DSM 16811 T were 36.0±1.4 % and 25.5±1.1 %, respectively. All DNA-DNA relatedness values were significantly lower than the threshold accepted for separate species (Wayne et al., 1987) .
T , Epilithonimonas tenax DSM 16811 T and Epilithonimonas lactis DSM 19921 T were cultured on TSA for 24 h at 28 u C. Strain biomass was collected by washing with PBS (Sigma) and freeze-dried. Isoprenoid quinones were extracted from 100 mg freeze-dried cells and analysed using HPLC with YMC Triart C18 columns (25064.6 mm60.5 mm). The cells were extracted with chloroform/methanol (2 : 1, v/v), separated by using hexane and eluted with hexane/diethyl ether (98 : 2, v/v). The elution was evaporated and quinones were dissolved in acetone and analysed using HPLC as described by Collins & Jones (1981) and Shin et al. (1996) . Freeze-dried cells were suspended in methanol/water (10 : 1, v/v) and stirred. Then, 2 ml petroleum ether was added. After centrifugation at 930 g for 5 min, the upper layer was removed. The lipid residues were extracted with chloroform/methanol/ water (90:100:30, by voL) and chloroform/methanol/water (50:100:40, by voL). The combined supernatant was collected. Chloroform (1.3 ml) along with 1.3 ml NaCl solution (0.3 %, w/v) was added to the supernatant. The chloroform extracts were evaporated. Polar lipids were extracted using chloroform/methanol (2 : 1, v/v). The patterns for polar lipids were obtained by spotting samples on the corner of thin layer plates (Silica gel 60 pre-prepared plates of Merck No.5554). The plates were developed with chloroform/methanol/water (65 : 25 : 4, by vol.) in the first direction and chloroform/acetic acid/methanol/water (80 : 15 : 12 : 4, by vol.) in the second direction. To detect the presence of all lipids, TLC plates were sprayed with 5 % molybdophosphoric acid by charring at 120 u C for 15 min. Amino lipids were detected by spraying with 0.2 % ninhydrin and charred at 110 u C for 10 min. Glycolipids were detected by spraying with 5 % a-naphthol and charred at 110 u C for 10 min. Phospholipids were detected by spraying with molybdenum blue reagent . All data are from this study except the DNA G+C content. All strains are positive for the following characteristics: IAA, siderophore and indole production; alkaline phosphatase, esterase (C4), lipase (C8), leucine arylamidase, valine arylamidase, naphthol-AS-BI-phosphohydrolase and acid phosphatase; assimilation of D-glucose, maltose and sodium acetate, glycogen, valeric acid, salicin, D-glucose and potassium 2-ketogluconate. All strains are negative for the following characteristics: cystine arylamidase, a-chymotrypsin, a-glucosidase, b-galactosidase, b-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase, lipase (C14) and a-fucosidase; and assimilation of D-mannitol, Nacetylglucosamine, gluconic acid, capric acid, adipic acid, L-arabinose, malate, D-mannose, phenylacetic acid. (Minnikin et al., 1984) . Polyamines were extracted and analysed as reported by Busse & Auling (1988) and Taibi et al. (2000) . The polyamine standards spermine, spermidine, putrescine and sym-homospermidine were purchased from Sigma-Aldrich. The analysis of polyamines was performed using a HPLC system (1260 Infinity; Agilent Technologies).
The separation was carried out on a Poroshell 120 EC-C18 column (3.0650 mm, 2.7 mm i.d.) using 60 % methanol as mobile phase with a flow rate of 0.3 ml min
21
, and detection was performed by monitoring absorbance at 234 nm, with an injection volume of 5 ml. Fatty acid methyl ester analysis was performed as follows. Cells were allowed to grow on TSA for
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Chryseobacterium piscicola VQ-6316s T (EU869190)
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Chryseobacterium tructae 1084-08 T (FR871429)
Chryseobacterium gleum ATCC 35910 T (M58772)
Chryseobacterium viscerum 687B-08 T (FR871426)
Chryseobacterium lactis NCTC 11390 T (JX100821)

Chryseobacterium hominis NF802 T (AM261868)
Chryseobacterium formosense CC-H3-2 T (AY315443) 48 h at 28 u C and 50 mg cells were then harvested. Cellular fatty acids were extracted and prepared, and analysed by capillary GLC (model 6890; Hewlett Packard) using the Microbial Identification software package with the Sherlock system 6.1 (MIDI) and the Sherlock Aerobic Bacterial Database (TSBA6.1) (Sasser, 1990) . The predominant isoprenoid quinone of strain DCY78 T was MK-6, which is the only major menaquinone component of members of the genus Epilithonimonas (O'Sullivan et al., 2006) . The polar lipids profiled were phosphatidylethanolamine, three unidentified aminolipids and one unidentified polar lipid; significant amounts of unidentified aminolipids and unidentified lipids were also present (Fig. S2) . The major polyamines of strain DCY78
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Epilithonimonas lactis H1 T (EF204460)
Epilithonimonas ginsengisoli DCY78 T (JX827729)
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T were sym-homospermidine (69.9 %) and spermidine (26.4 %), while spermine (3.7 %) was a minor component. The fatty acids profiles of the novel isolate and related species of the genus Epilithonimonas are shown in Table 2 . The major fatty acids of strain DCY78 T (.10 %) were summed feature 3 (comprising C 16 : 1 v6c and/or C 16 : 1 v7c), iso-C 15 : 0 and iso-C 17 : 0 3-OH.
The results of the phylogenetic analysis, based on 16S rRNA gene sequences, suggested that strain DCY78
T was closely related to other species of the genus Epilithonimonas, with the chemotaxonomic characteristics of the strain corresponding to those known for the genus. The results of physiological and biochemical tests enabled strain DCY78
T to be distinguished from the other members of the genus Epilithonimonas. Therefore, it proposed that strain DCY78
T be classified as a representative of a novel species of the genus Epilithonimonas, for which the name Epilithonimonas ginsengisoli sp. nov. is suggested.
Description of Epilithonimonas ginsengisoli sp. nov.
Epilithonimonas ginsengisoli (gin.sen.gi.so9li. N.L. n. ginsengum ginseng; L. n. solum soil; N.L. gen. n. ginsengisoli of soil of a ginseng field, the source of the type strain).
Gram-staining-negative, strictly aerobic, non-motile, rodshaped, approximately 0.2-0.361.3 mm (Fig. S1) , catalaseand oxidase-positive with flexirubin-type pigmentation. Colonies are circular and smooth with a colony diameter ranging from 0.5 to 1.5 mm on R2A after 2 days at 28 u C. Growth occurs at 10-30 u C with an optimum temperature of 28 u C. The pH range for growth is pH 5.5-8.0. Growth occurs on R2A, NA, LB and TSA but not on MacConkey agar. Phosphate solubilization is negative and siderophore production is positive. Hydrolysis of gelatin, aesculin, casein, DNA and tyrosine are positive. Indole production is positive. Nitrate to nitrite reduction is not observed. Acid production from glucose (fermentation) is negative. Cells are resistant to penicillin (10 mg), erythromycin (15 mg), cefazolin (30 mg), oleandomycin (5 mg) and carbenicillin (100 mg); intermediately resistant to neomycin (30 mg) and tetracycline (30 mg); and susceptible to ceftazidime (30 mg), rifampicin (5 mg) and novobiocin (30 mg). In the API ZYM assay test, positive for alkaline phosphatase, esterase (C4), lipase (C8), leucine arylamidase, valine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase and b-glucosidase, but negative for cystine arylamidase, a-glucosidase, b-galactosidase, bglucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase, lipase (C14), a-chymotrypsin and a-fucosidase. According to the API 20NE test, positive for indole production, aesculin hydrolysis, gelatinase, and assimilation of D-glucose, maltose and trisodium citrate; negative for nitrate reduction, glucose fermentation, arginine dihydrolase, b-galactosidase and assimilation of D-mannitol, N-acetylglucosamine, gluconic acid, capric acid, adipic acid, L-arabinose, malate, D-mannose and phenylacetic acid. According to the API ID32 GN test, positive results are obtained with L-rhamnose, maltose, sodium acetate, glycogen, valeric acid, salicin, D-glucose, L-histidine, potassium 2-ketogluconate trisodium citrate and L-proline; negative results are obtained with N-acetylglucosamine, Dribose, myo-inositol, sucrose, itaconic acid, suberic acid, . All strains were grown on TSA at 28 u C for 2 dasy. All data from this study. Fatty acids amounting to less than 0.5 % in all strains are not listed. ND, not detected; tr, traces (,0.5 %). 
Fatty
